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(57) Abstract 

A composition for enhancing combustion of hydiocarbon fuels such as LPG, gasoline and diesel fiiel comprises a metal oxide 
catalyst dispersed in a liquxl organic carrier compatible witti the fuel The ortalyst pittfeiatdy includes ctuomlum oxide, magnesium oxide, 
manganese oxide, oobdt oxide, inm oxide fflid/or mixtun» ttaeieof. Tte carrier preferably incliides Stoddard solvent together with at least 
erne of high t«np«Biuie lubricant, a surfactant, and a polar oisanie «^ent. The composition permits fte fliel to be combusted substantially 
completely to reduce emissiais ai»KiatBd with incomplete oxidation, and to occur at lower tempeiatwes for avoiding fomation of NOx. 
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FUEL COMBUSTION ENHANCING CATALYTIC COMPOSITION 
AND METHODS OF FORMULATING AND TITILI ZING SAME 

BACKGROUND OF THE INVENTION 

The invention relates to a fiiel combustion enhancing catalytic composition, and 
to methods of formulating and utih'zing same. Particularly, the invention pertains to a 
catalytic additive which is combined with fiiel such as LPG, gasoline and diesel fuel, so 
that the fuels are combusted more efficiently and with less polluting emissions, and to 
methods of formulating and utilizing the additive. 

2. Description of Relevant Ait 

Applicant has previously sold a combustion enhancing additive particularly useful 
in carbureted LPG combustion systems for internal combustion engines, such as the 
engines on fork lifts and the like, which addithre is known by the trademark CGX4». 
Such product comprises a blend of a high temperature lubricant, such as a high flash 
point top oil, at least one detergent or surfactant, and at least one emulsifier, including 
a polar solvent such as one or more alcohols, in an appropriate organic carrier such as 
a Stoddard solvent. 

SUMMARY OF THE INVFNTFON 

The invention is an improvement of CGX-4* which permits the fuel to be more 
completely oxidized during combustion in con^arison to CGX-4* for improving energy 
output and decreasmg emissions of carbon monoxide, particulates, unbumed 
hydrocarbons and the like, and permits the combustion to be stably carried out at lower 
temperatures, thereby reducing emissions of nitrogen oxides (NOj^). 

The invention provides a aamposition for enhancing combustion of hydrocarbon 
fuel, comprising at least one metal oxide <»talyst di^ersed in a liquid organic carrier 
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comiratible with the bydrocsrbon fiieL Preferably the metal oxide catalyst comprises at 
least one alkaline earth metal oxide or transition metal oxide, and most preferably the 
metal oxide catalyst is selected from the group consisting essentially of chromimn oxide, 
magnesium oxide, manganese oxide, cobalt oxide, iron oxide and mixtures thereof. The 
organic carrier preferably comprises a Stoddard solvent. The composition preferably also 
includes a surfactant, an emulsifier sudi as a polar organic solvent, and a high 
temperature lubricant. 

The metal oxide(s) function as a cataljBt for the combustion of the hydrocarbon 
fuel, and when added even in veiy small quantities, e.g., 1-50 ppm, are effective for 
achieving substantially conqilete oxidation of the fiiel, and for reducing polluting 
emissions asociated with incomplete oxidation. 

Catalytic combustion of the hydrocarbon fuel with metal oxide(s) according to the 
imrention has a large thermal inertia associated therewith, whereby the lower limit of 
flame stability for the combustion is decreased, permitting lower combustion 
temperatures to be used and mim"raizdng formation of NO^ emissions. 

The invention also provides a method of combusting hydrocarbon fiiels, comprising 
the steps of: combining the hydrocarbon fuel with a dispersion of a metal oxide catalyst 
in a liquid organic carrier compatible with the hydrocarbon fuel; and combusting the 
combined hydrocarbon fuel and catalytic dispersion at a maximum temperature below 
150(fC. It is preferable diat the metal oxide catalyst comprises at least one of a 
transition metal oxide and an alkaline earth metal oxide, and most preferable that the 
metal oxide catalyst is selected from the group consisting essentially of diromium oxide, 
magnesium oxide, manganese oxide, cobalt oxide, iron oxide, and mixtures thereof; that 
the organic carrier comprises at least one Stoddard solvent; and that the catalytic 



dispersion includes a surfectant, a polar or^ic solvent, and a high temperature lubricant 
when the combustion process is a carbureted combustion process in an internal 
combustion engine. 

Preferably, said metal oxide catalyst is dispersed in said liquid organic carrier at a 
5 ratio of < 1 .0 weight %. 

An object of the invention is to provide a combustion enhancmg catalytic additive 
for hydrocarbons fuels such as LPG, gasoline and diesel fiiel which permits substantially 
complete oxidation of the ftiel to be achieved even when the fuel contains significant 
quantities; of in:^urities such as firee water, propylene, long chain hydrocarbons, etc. 
10 Another object is to provide a combustion enhancing additive for hydrocarbon 

fiiels which substantially reduces or eliminates polluting emissions normally caus^ by 
incomplete oxidation, while reducing emissions of NO,. 

Another object is to provide a combustion enhancing additive which can be readily 
and economically monu&ctured and ^mbined with hydrocarbon fuels. 
IS Another object is to provide a method of combusting hydrocarbon &el together 

with a combustion enhancing additive to reduce emi^ons of pollutants relating to 
complete oxidation, and to reduce formation and emissions of NOx» 

DKT AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 The fuel combustion oihancing catalyst according to the invention con^nises at 

least one metal oxide, and preferably at least one metal oxide or transition metal oxide 
including chromium oxide, magnesium oxide, manganese oxide, cobalt oxide, iron oxide. 



and mixtiures Aerraf. These metal oxides are v<»y efifective for mc as fuel combustion 
enhancing catalysts because the conipounds not only promote total oxidation of 
hydrocarbons, but also permit the combustion process to be perfwrned at lower 
temperatuiefi which are not fevourable for the fommtion of NO;,, and they have good 
thennal stability. 
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The oxidation process in conventioial flame combustion of a fuel such as LPG is 
a homogeneous reaction taking place in the bulk gas phase. Through introduction of a 
catalyst in the combustion process, heterogeneous oxidation on the surface of the catalyst 
also takes place. By the choice of a suitable catalyst it is possible to reduce the activation 
enei^ necessary for tite heterogeneous catalytic reaction to a level much lower than 
required for purely homogeneous combustion. For example, for combustion burmng of 
light hydrocarbon fiiel such as propane, the activation energy for the uncatalyzed 
homogeneous oxidation reaction is j^roxunately 25-50 Kcal/gm-mole, but for the 
heterogeneous catalytic oxidation reaction is approximately 11-15 Kcal/gm-molie. ^ 
Appreciable heterogeneous (catalytic) oxidatiott rates can be achieved for tempetatunes and 
fuel concentrations much lower than those required for the homogeneous (non-catalytic) 
reactions to proceed. 

In a catalytic combuster, the reaction in the initial part of the combustion bed is 
primarily catalytic and the rate is contK>lled by the rate of the surface reaction. As the 
catalytic reaction increases, tiie gas and sur&ce temperature and the surface reaction rate 
constant (which increases exponentially with temperature) quickly becomes so large that 
the rate of transport of reactants to tiie catalyst surface becomes the controlling factor for 
tiie catalytic reaction. Thereafter, the overall heterogeneous ration rate is controlled by 
U» mass transfer rate to the catalyst surface. The energy release rate in the mass transfer 
control!^ regime is typically orders of m^itude smaller than those obtainable in the 
conventional (non-catalytic) flames. At sufficiently high temperatures which are quickly 
realized in the combustion process, homogeneous reactions are initiated in addition to the 
heterogeneous catalytic reactions, and the combustion then rapidly goes to completion and 
energy release rates comparable to conventional flames are achieved. 

4 



wo 97^37764 



PCT/US9fi/20699 



When using a metal cudde catalyst dispersion according to the invention, it is 
possible to conduct combustion of hydrocarbon fiieis such as LPG, gasoline, diesel fiiel 
and fuel oil at sufficiently low inlet tenqjeratures and with lean equivalence ratios such 
that the resulting combustion and exit temperatures of the emissions from the combustion 
procei^ are sufficiently low that NO^ formation is minimia^d, and yet o^mbusdon is nearly 
100% complete so there are low emissions therefrom in relation to incomplete oxidation. 

Using an e;q)erimental catalytic combuster, the oxides of the alkaline earth metal 
magnesium and the transition metals chromium, manganese, coli^t, iron and 
combinations thereof provided the optimum ^talytic results. The most active catalyst 
of these was a binary mixture of chromium oxide and cobalt oxide (CrjQj-Cc^Q,) which 
gave complete conversion/oxidation of veiy lean fuel mixtures of LPG and an 
equivalence ratio of 0.196 at the low inlet temperatures below 8S0°C. This catalyst 
mixture was also foimd suitable for operation over a wide range of equivalence ratios and 
inlet temperatm-es in the combustion of LPG; while the NO, emission index for the LPG 
combustion using this catalyst never exceeded 0.11 gm/Kg of fiieL Such emission index 
is significant^ smaller (an order of magnitude smaller) than that achieved in conventional 
LPG combustion systems, includmg those using applicant's prior combustion enhancing 
additive. 

Using the discussed oxides of alkaline earth metals and transition metals, 
combustion was complete in some instances and incomplete in others. In cases where 
conxplete combustion was achieved, the emission levels of NQ,, carbon monoxide and 
unbumed hydrocarbons were very low. The carbon monoxide and unburned hydrocarbon 
concentrations were so low that they did not give any reading in gas chromatograph 
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testing, and the NO^ emissioa index was always below O.i 1 gm/Kg fuel. 

Where the combustion was incomplete, typically because of operation under 
kinetic or mass transfer control/limitations, the chief pollutant was unbumed 
hydrocarbons. Low levels of carbon motK>xide were observed in some cases where the 
exit temperatures were high and combustioa incomplete. NO, emission levels were 
always very low and found to be strongly temperature dependent but did not exceed 0. 11 
gm/Kg fuel. 

To combine the metal oxide catalysts with the hydrocarbon fitels, the catalysts are 
initially dispersed in an ^propriate oi^piic medium v/iuch is compatible with the 
hydrocarbon fuel. For LPG fuel, the metal oxide catalysts may be properly dispersed m 
a Stoddard solvent, and preferably in Stoddard solvent(s) to^^r with a high 
temperature lubricant, a detei^ent or surfactant, and a polar molecular solvent such as an 
alcohol. Only very small quantities of the metal oxide catalysts are necessary to achieve 
optimum combustion conditions. If the metal oxide catalysts are added in a proportion 
of 1-50 ppm, and preferably 10-30 ppm, to the hydrocarbon ftiel, then complete or 
substantially complete oxidation/combustion of the fuels can be achieved at sufficietly 
low inlet temperatures and lean equivalence ratios, whereby emissions of carbon 
monoxide, unbumed hydrocarbons, {^culates, and NO^ are all reduced and energy 
output for a given quantify of fi»l is increased. Fine powders of the metal oxides can be 
dispersed in a Stoddard solvent. Where the metal oxide powders are dispersed in 
CGX-4®, the detergent/surfactant and/or the polar molecular solvent therein also assist 
maintaining the metal oxide powder projwrly dispersed in the organic medium. For 
example, a dispersion of the metal oxide catalyst(s) containing 0.5-5 weight percent of 
the metal oxide powder in a Stoddard solvent may be added to CGX-4® in a ratio of 3-5 
6 
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volume percent of the dispersion to 95-97 volume percent of CGX-4(D, for achieving the 
combustion characteristics discussed akjve. The catalytic, modified combustion 
enhancing additive is then combii^ with hydrocarbon fuels such as LPG in a ratio of 
0.5-2.0 fluid ounces/10.0 gal. Although hi^er concentrations of the metal oxides 
cataly$t(s) may he added^ they do not fiuther enhance the combustion characteristics, 
while otherwise rendering the catalytic additive more expensive to produce. 

The additive is miscible and compatible with LPG fuel, and is easily combined 
therewith by simply pouring an appropriate amount of the additive into a tank of the LPG 
fuel, e.g., pouring 1 oz. into a 10 gallon tank, pouring a 55 gallon drum into a 70,000 
gallon tank, ete. 

The additive according to the invention is particularly effective when used in 
relation to a carburated LPG fuel system for an internal combustion engine. The 
additive is also effective for use in relation to other fuels such as gasoline, diesel fuel, 
fuel oil, etc. and in other types of combustion systems such as non'carburated combustion 
systems. 



CLAIMS 



1. A composition for enhancing combustion of LPG fuel, comprising at least 
one metal oxide catalyst disp^s^ in an (xripsnic earner which is compatible wift &e LPG 

S foel; 

said metal oxide catalyst is a mixture of chromium oxide (CtjO}) and cobalt oxide 
(C03O4); and 

said organic carrier comprising Stoddard solvent, as well as an emulsifler to 
maintain the metal oxide catalyst dispersed in the Stoddard solvent and in tibe LPG fuel 
10 when added thereto. 

2. A composition according to claim 1, wherein said metal oxide catalyst is 
combined with said LPG fuel at a ratio of 1-SO ppm. 

15 3. A composition according to claim 1, wherein said metal oxide catalyst is 

dispersed in said liquid organic wrrier at a ratio of < 1 .0 weight %. 

4. A composition according to claim 1, wherein said liquid organic carrier 
further comprises at least one of a high tenq}erature lulaicant and a sur&c^t 

20 

5, A composition according to claim 4, wherein said liquid organic cam©* 
cotnprises a top oil having a flash point of at least 400**C. as said high temperature 
lul»icant. 

8 



6. A method of combusting LPG foel, comprising the of: 

combining the LPG fuel with a dispersion of a metal oxide catirfyst in a liquid 
organic carrier compatible witii the LPG fiiel; and 

combusting the LPG fitel and dispersion at a tetn^jerature below 1S00*'C; 
S said metal oxide catal)«t coinprising at least one member selected fix>m the group 

consisting of an alkaline earth metal oxide and a transition metal oxide; and 

said organic carrier comprising Stoddard solvent and an emulsiiler to maintain the 
metal oxide catalyst dispersed in the Stoddard solvent and in the LPG fuel. 

10 7. A mediod according to claim 6, wherein said metal oxide catalyst is 

selected from a group consisting essentially of chromium oxide, magnesium oxide, 
manganese oxide, cobalt oxide, irtm oxide, and mixtures diereof. 

8. A metiiod acccnding to claim 6, wherein said metal oxide catalyst 
1 5 comprises a mixture of chromium oxide (0:203) and cobalt oxide (C03O4). 

9. A method according to claim 6, wherein said liquid organic carrier further 
comprises a high tentperature lubricant and a surfactant 

20 10. A method according to claim 6, whraein said liquid ot^uiic canier 

comprises a mixture of 3-5 volume percent of a high ten^erature lubricant, 3-5 volume 
percent of a surfactant, 1-3 volume percent of said emulsifier; and a balance of said 
Stoddard solvent. 

9 



11. A method according to claim 6, wherein said combustion step is effected in 
a carburated internal combustion engine. 

S 12. A me&od according to claim 6, v^erein said combustion step is effected 

using an inlet temperature in a range of 800-1000''C. and at an equivalence ratio in a range 
of 0.150-0.230. 

13. A composition according to claim I, wherein said metal oxide, catalyst is 
10 combined with said LPG fuel at a ratio of 1 0-30 ppm 

14. A composition according to claim 1, wherein said composition is combined 
with said LPG fiiel in a quantity sufficient to achieve a NO* emission index for 
combustion of the LPG fuel of < 0.1 1 gm/kg of LPG. 

15 

15. A method according to claim 6, wherein said dispersion is combined with 
the LPG fiiel in a quantity sufficient to achieve a final concentration of metal oxide 
catalyst in the fuel of 10-30 ppm. 

20 16. A method according to claim 6, wherein said dispersion is combined with 

the LPG fuel in a quantity sufficient to achieve a NOx emission index for combustion of 
the LPG fuel of < 0.1 1 gm/kg of LPG fuel. 
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17. A combustible mixture of LPG fuel and a diversion of a itwtal oxide 
catalyst in a liquid organic carrier compatible with flie LPG fuel; 

said met^ oxide catalyst conpising at (me member from the group 
consisting of an alkaline eartii metal oxide and a transition metal oxide; and 

said liquid org^c earner «miprising Stoddard «>tvent, as well as an emulsifier to 
maintain the metal oxide catalyst dispen^ in the Stoddard solvent and in the LPG &el. 

18. A combustible mixture acc(»tling to claim 17, wherein: 

said liquid organic carrier comprises 3-5 volume percent of a high temperatinre 
lubricant, 3-5 volume percent of a surfactant, 1-3 volume percent of said emulsifler, and a 
balance of said Stoddard solvent 

19. A method according to claim 6, wherein said metal oxide catalyst is 
disper^ in said liquid org^c carrier at a ratio of < 1 .0 weight %. 

20. A combustible mixture according to claim 17, wherein said metal oxide 
catalyst is dispersed in said liquid organic carrier at a ratio of < 1.0 weight %. 
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